SYSTEMIC arterial blood pressure* represents a force which is the result of cardiac output and peripheral vascular resistance. It is readily measured indirectly by a standard sphygmomanometer. Compared with intra-arterial measurements of blood pressure, the indirect method is imprecise. Nevertheless, it is known that properly measured indirect blood pressure readings in the upper ranges and wide swings of blood pressure in the same individual are important signs of vascular disease. This booklet will point out common errors in the indirect measurement of blood pressure, indicate the means to avoid them, and recommend certain standards to increase the accuracy of measurement and recording. The booklet, represents the second revision of the standards first proposed in 1939. '1, 2 Equipment for Indirect Measurement of Blood Pressure
A sphygmomanometer consists of a compression bag enclosed in an unyielding cuff, an inflating bulb, pump, or other device by which the pressure is increased, a manometer from which the applied pressure is read, and a controlled exhaust to deflate the system. *Hereafter referred to as blood pressure.
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A stethoscope is the other instrument necessary for indirect measurement of pressure.
Sphygmomanometer Bag and Cug
The inflatable bag is surrounded by an unyielding covering called "the cuff." The bag must be the correct width for the diameter of the patient's arm; for if it is too narrow, the blood pressure reading will be erroneously high; if it is too wide, the reading may be erroneously low ( fig. 1 ). The inflatable bag should be 20% wider than the diameter of the limb on which it is to be used. For the average adult, a bag 12 to 14 cm wide has been found to be satisfactory. Smaller cuffs are available for patients with small arms (see Section on Blood Pressure Recording in Children), as are larger (18 to 20 cm) ones for measurement in obese persons or in the thigh. The diameter of the arm is the factor which determines whether a "children's cuff" or "adult cuff" is used, not the age of the patient.
The inflatable bag should be long enough to go halfway around the limb if care is taken to put the bag directly over the com- level of mercury in the tube should be observed with no pressure applied to the cuff. If necessary, mercury should be added to the reservoir to bring the edge of the mercury meniscus exactly to the zero mark. The scale should indicate accurately differences between the levels of mercury in the tube and the reservoir. To accomplish this, the diameter of the reservoir must be at least 10 times that of the vertical tube, or the vertical scale must be calibrated to correct for the drop in the reservoir mercury level as the column rises.3 The column of themanometermustbevertical for correct reading. The tubes in the mercury should be inspected regularly for dirt and oxidation. Clogging in the airvent at the top of the manometer tube will cause the mercury column to respond sluggishly to pressure from the bulb and may cause an erroneous result.
Aneroid manometers utilize a metal bellows which elongates with the application of pressure. A Under the environmental conditions already noted, the deflated cuff should be applied with the lower margin about 232 cm above the antecubital space, with the rubber bag over the inner aspect of the arm. A preliminary palpatory determination of systolic pressure gives the examiner an estimate of the maximal pressure to which the system needs to be elevated in subsequent determinations.
The stethoscope should be applied to the antecubital space over the previously palpated brachial artery. The stethoscope head Circulation, Volume XXXVI, December 1967 should be applied firmly, but with as little pressure as possible, and with no space between the skin and the stethoscope. Heavy pressure will distort the artery and produce sounds heard below the diastolic pressure. The stethoscope should not touch clothing or the pressure cuff.
With the stethoscope in place, the pressure is raised approximately 30 mm Hg above the point at which the radial pulse disappears and then released at a rate of 2 to 3 mm Hg/ sec. Faster or slower deflation will cause systematic errors.
As the pressure falls, the Korotkoff sounds become audible over the artery below the cuff and pass through four phases as the pressure declines and sounds disappear: Phase I: The period marked by the first appearance of faint, clear tapping sounds which gradually increase in intensity. Phase II: The period during which a murmur or swishing quality is heard. Phase III: The period during which sounds are crisper and increase in intensity. Phase IV: The period marked by the distinct, abrupt muffling of sound so that a soft, blowing quality is heard. Phase V: The point at which sounds disappear.
The muffling and disappearance are commonly referred to as the "fourth and fifth points." Sometimes, particularly in some hypertensive patients, the usual sounds heard over the brachial artery, when the cuff pressure is December 1967 for the release of blood trapped in the veins before further determinations are made.
Systolic Pressure Determination
The systolic pressure is the point at which the initial tapping sound is heard for at least two consecutive beats. When the palpatory systolic pressure is higher, it should be recorded and noted as systolic pressure.
Diastolic Pressure Determination
Muffling occurs when the crisp Korotkoff sounds change and represents sudden diminution or disappearance of sound energy at frequencies greater than 60 cycles/sec. The onset of muffling is the fourth phase and should be regarded as the best index of diastolic pressure. Numerous studies indicate that muffling occurs at pressures 7 to 10 mm Hg higher than direct intra-arterial diastolic pressures.
The fifth phase occurs when sounds become inaudible. This usually occurs with cuff pressure near intra-arterial diastolic pressure but may fall far below under conditions mentioned in the "Appendix." The The basal blood pressure is the level obtained when physical, metabolic, mental, and emotional stimuli which elevate blood pressure have been eliminated. 6 Since, under the conditions in which blood pressure usually is measured, all such influences are not eliminated, the termn "basal" blood pressure is used to denote a level approximating the basal state.
The basal blood pressure is approximated after several days of rest in the hospital when the patient has become acclimated to the hospital situation and to the procedure of having his blood pressure taken repeatedly.
Even in this environment, blood pressures recorded by the nurse tend to be lower than those taken by the doctor because of the emotional response generated by the presence of the physician.
Nearly basal blood pressures also can be taken in the home preferably by a member of the family.7 Daily recordings taken in the home usually trend downward during the first week to a lower, more constant level. If it is necessary for the patient to record his own blood pressure, it is best to use a cuff in which the stethoscope head is incorporated, although slight inaccuracies may be introduced by this placement. The patient should be instructed to pump up the cuff with the bulb in the contralateral hand to avoid exercising the forearm muscles of the cuffed extremity. Instruments of special design are available which permit correct application of the cuff and stethoscope head by the patient on his own arm.
Blood Pressure Recording in Special Conditions Arrhythmias
If the cardiac rhythm is very irregular, the determination of blood pressure is inaccurate because both stroke volume and blood pressure vary from one cardiac cycle to the next. The systolic blood pressure is related directly to the duration of the preceding pulse cycle and the stroke volume, whereas the pulse pressure is related inversely to the duration of the pulse cycle. A long pulse cycle results in a decrease in the diastolic pressure of that cycle and an increase in systolic pressure of the next one. Brachial arterial pulsations and Korotkoff sounds may be greatly diminished or absent in clinical shock. Comparisons between auscultatory pressures in the arm and direct arterial readings taken with a needle inserted into the femoral artery frequently reveal that the direct femoral pressure is considerably higher than the pressure recorded in the arm by the auscultatory method.8 Diminution or disappearance of Korotkoff sounds is most apt to be found in shock states associated with greatly reduced cardiac output and elevated total peripheral resistance as occurs in central blood volume depletion. Because of high vascular resistance in the forearm, blood flow in the upper extremities falls to such low levels that Korotkoff sounds are not generated. Under these circumstances the indirect auscultatory method may be grossly inaccurate, so that a direct method of blood pressure recording is needed to follow these critically ill patients.
Determination of Blood Pressure in Infants and Children
Blood pressure can be determined by the auscultatory method as accurately in infants and children as in adults, providing attention is paid to the apprehensiveness and activity of the patient and to the principles discussed on page 982. The chief source of error arises from the selection of a poorly supported or inappropriately sized cuff. A general rule for cuff size is that it cover two thirds of the arm above the elbow. In addition to the standard Circulation, Volume XXXVI, December 1967 cuff, cuffs of 2.5, 5, 8, and 12 cm in width should be available. In children the muffling, not the complete cessation, of vascular sound is the best index of diastolic pressure.9 ' 10 The patient should be in the supine or reclining posture so that the arm can be maintained in a comfortable position. For infants a bottle or pacifier may be offered to keep them quiet. The technique for children is otherwise identical to that for adults. The patient who is apprehensive, excited, or has exercised recently may have an elevated pressure. Crying in an infant may raise his systolic blood pressure as much as 30 to 50 mm Hg. If the auscultatory method so disturbs the patient that accurate reflection of the resting blood pressure cannot be obtained, it may be necessary to leave the cuff on the arm and make the determination when the patient is asleep or sedated, or to determine the systolic pressure by palpation.
In infants under 1 year of age the auscultatory sounds may occasionally be too faint to be heard; consequently, other indirect methods are used. The most common is the flush method,1' but oscillometry12 or instrumental measurement of pulsation distal to the cuff13 is sensitive and sufficiently easy to use to be regarded as the method of choice by certain authors.
To measure blood pressure by the flush method, a suitable cuff is placed on the forearm or calf, the extremity is elevated, and that portion distal to the cuff is compressed by wrapping it firmly with an elastic bandage. When compression is complete, the extremity is lowered to heart level and the cuff is rapidly inflated to 200 mm Hg. The bandage is removed, and the manometer pressure is gradually lowered at a rate not exceeding 5 mm Hg/sec. The end point of the determination is the appearance of a flush in the extremity distal to the cuff. The measurement should be made in a well-lighted room, and accuracy is increased if two observers are present so that the pressure at which flushing occurs can be noted promptly. If the determination is done by a single observer, the manometer should be placed so that it and the extremity can be observed simultaneously. The pressure thus obtained most nearly reflects the mean, not the systolic, blood pressure.14 Epidemiological Methods
Inferences from the findings of epidemiological studies are largely based on comparisons between different population segments. The studies compared are spread over different places and countries and involve recordings by many different groups and observers. How can one be sure that differences in findings are not due to variations in technique and various sources of observer bias? '5' 16 All measurements, including blood pressure, are subject to two sources of uncertainty: biological variation and measurement error. As a result, single casual blood pressure recordings may be inadequate to characterize an individual with sufficient accuracy. 7' 18 Biological variation in the patient has been discussed on page 982. The possible effects of season, temperature, altitude, diurnal variations, fluctuations from basal level, and other physical factors must be taken into account and should be controlled in the design of studies and the analysis of data.
Measurement Errors
These errors relate to the instrument, the observer, the observed, and their interactions. The present recommendations stem from the following reasoning. Since streamline flow is silent, the presence of sound in the circulation depends on such critical conditions as velocity of flow, diameter of channels, and disturbed flow, including turbulence and vortices. As the cuff pressure falls, the narrowing of the artery and hence, the pressure gradient across the compressed segment, become less, so that the velocity of flow diminishes and the conditions necessary for sound production no longer exist. When cuff pressure exceeds diastolic pressure, tissue pressure under the cuff closes the artery briefly at the end of each diastole. The artery again is open during the subsequent upstroke of the pressure pulse, at which time the "staccato" sounds are generated. When the compressed segment is no longer completely closed in diastole, the physical conditions necessary to produce vibrations of high frequency no longer exist. This change in frequency content is the muffling and occurs when the artery is no longer sufficiently collapsed by the cuff pressure.
Thus, even though intra-arterial diastolic blood pressure is approximately 10 mm Hg lower than that found with muffling, the laws of physics associate the point of muffling with diastolic pressure. There is no logical connection between the disappearance of sound and diastolic pressure. Indeed, in normal subjects, after vigorous exercise when flow is increased and the opportunity for creation of turbulence is greater, the fifth phase Circulation, Volume XXXVI, December 1967 falls far below the diastolic pressure.
The cuff pressure at which sound disappears depends on the efficiency with which the sound is heard. This in turn depends on the proximity of the stethoscope to the optimal position over the artery, the efficiency of conduction of sound waves by the stethoscope, and the sensitivity of the observer's hearing.
On the other hand the muffling, or fourth phase, is a change in the quality of the sound, rather than its intensity, and so is less affected by the efficiency of detection.
When flow within the arterial circulation is increased, as it is after exercise in normal subjects or in patients with hyperthyroidism and other high output states, the cuff pressure at which muffling and disappearance occur becomes widely separated, for instance, by as much as 40 mm Hg after exercise. The muffling, or fourth phase, remains approximately correct for intra-arterial diastolic pressure. The fifth phase, or disappearance, falls to values that are well below the diastolic pressure. Theory would predict that with increased velocity of disturbed flow the conditions for turbulence and sound will persist in an artery that is less compressed by the cuff pressure. Thus, we could expect to find sound to zero pressure in some instances. It is of interest in this regard that muffling has been found to be the more reliable index of diastolic pressure in children in whom the velocity of flow is often high.9
Recording the values for both phases, as recommended, will make it possible (1) 
